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As the global burden of cardiovascular disease (CVD) rises, public health-related interventions aimed at prevention of heart disease have gained medical attention. Clinical research reports that exercise is a protective risk
factor associated with CVD and that clinicians need to provide exercise recommendations to patients.
Nevertheless, physical inactivity remains a public health problem. In certain populations, like ﬁreﬁghters (FF),
increased risk of CVD is especially concerning. The workload FF face is extreme, 50% of line-of-duty deaths
(LODD) in FF are cardiac-related, and research on the volunteer FF population is scarce. Government regulations
do not require volunteer FF companies to have ﬁtness testing or programming, so exercise intervention studies
are necessary to improve the burden of CVD risk in this population. Therefore, this study examined the eﬀects of
a 4-week exercise circuit training (CT) intervention on vascular health and ﬁtness in volunteer FF (N = 27) from
the Philadelphia PA area compared to a control group of Non-FF (N = 25). Carotid artery intima-media thickness
(IMT), brachial artery ﬂow-mediated dilation (FMD), augmentation index, and pulse pressure (PP), brachial and
central blood pressure (BP) and ﬁtness were measured pre- and post- intervention. Overall, volunteer FF had
more signiﬁcant improvements (p < 0.05) in vascular health measures (FMD, IMT, and PP). In both groups, we
also found that brachial and central BP decreased with exercise. We show that a 4 week CT program can improve
vascular structure and function in the volunteer FF population, suggesting that clinicians may be able to reduce
or prevent cardiac LODD by exercise.

1. Introduction
As the global burden of cardiovascular disease (CVD) rises, public
health-related interventions aimed at prevention of heart disease have
gained medical attention. Over the years, clinical research has shown
that exercise is an independent and protective risk factor associated
with CVD, blood pressure (BP), and blood vessel function (Chobanian
et al., 2013; Ashor et al., 2014). In fact, population-based studies and
meta-analyses have reported that any amount of exercise or a healthy
lifestyle can be beneﬁcial and reduce CVD, even reducing risk of allcause mortality up to 40% (Kodama et al., 2009; Maessen et al., 2016).
Despite this, physical inactivity remains a global public health problem
and accounts for millions of deaths annually, thus the potential beneﬁt
of increased activity could be substantial.
In certain populations, increased risk of CVD is especially

concerning. Many physicians and public health oﬃcials are unaware
that heart disease or cardiac incidents are related to almost 50% of lineof-duty deaths in ﬁreﬁghters (FF) (Geibe et al., 2008). Fireﬁghting is a
dangerous occupation because of its many physical and physiological
demands. In the U.S, ﬁreﬁghters can be either paid full-time “career FF”
or they can be “regular” people who volunteer to be FF, “volunteer FF”.
Many career FF have hypertension, are obese, and have more CVD
risk factors than Non-FF (Yoo and Franke, 2009). As outlined by the
AHA in Non-FF, CVD risk factors include hypertension, obesity,
smoking, inactivity, and abnormal glucose and cholesterol levels. Evidence suggests that career FF have increased possibility of cardiac
events due to similar relative risk factors. Volunteer FF make up 70% of
the total FF population, and are an understudied population. Considering the well-established fact that exercise can reduce CVD risk, it is
interesting that volunteer FF companies are not required by the
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National Fire Protection Association (NFPA) to have ﬁtness testing or a
ﬁtness program for the crew. The NFPA makes suggestions for ﬁtness
and has established that demands of FF activities on the cardiovascular
system require a ﬁtness level of a VO2max of 42 ml/kg/min (NFPA 1582,
2007); however, it is estimated that only around 20% of volunteer FF
meet this ﬁtness threshold (Poston et al., 2011).
There remains a gap in the exercise literature, for the volunteer FF
population that examines vascular health changes with exercise. In
2009, Williams-Bell et al. estimated that during ﬁreﬁghting activities,
FF may work at 75–80% of their VO2max level (Williams-Bell et al.,
2009). Recently, we reported that BP responses to exercise were exaggerated in volunteer FF while wearing full ﬁreﬁghting personal
protective equipment (PPE) (Feairheller, 2015) A separate study found
that oxidative stress increased and DNA damage occurred in FF wearing
PPE while exercising (Park et al., 2016). These studies suggest that the
workload FF face is extreme, so exercise intervention studies in FF are
necessary.
Exercise-induced vascular health improvements can be evaluated by
a number of clinical modalities, including: ﬂow-mediated dilation
(FMD, an index of nitric oxide-mediated endothelial-dependent function), carotid artery intima-media thickness (IMT, an index of common
carotid artery plaque and atherosclerotic potential), and arterial stiﬀness measured by pulse pressure (PP) and augmentation index (AIx, an
index of arterial stiﬀness that quantiﬁes the reﬂected wave at the aorta)
(Polak and OLeary, 2016; Harris et al., 2010; Perk et al., 2012). There is
not yet a clear consensus on which type of exercise (aerobic, resistance,
or combination) has a better eﬀect on CV health overall, but recently it
has been suggested that combination training has a greater eﬀect on
vascular health, arterial stiﬀness, BP and VO2max when compared to
aerobic or resistance training (Ho et al., 2012). Circuit training (CT),
one form of combination training incorporates aerobic movement and
resistance type exercises. Clinical research that examines improvements
in CVD risk factors with CT exercise are scarce, and few studies are
published with only 4 weeks of exercise. In some research, adults who
underwent 10–12 weeks of aerobic exercise, but not resistance training,
had improvements in FMD and IMT (Beck et al., 2013; Casey et al.,
2007). Recently we reported that adults who completed 6 months of
aerobic exercise training had improvements in IMT and FMD
(Feairheller et al., 2014). Shorter exercise training studies are needed.
Actual clinical exercise intervention studies in the volunteer FF
population do not exist. In career FF, it has been reported that 12 or
16 week CT programs which simulate ﬁre-ground activities have beneﬁcial eﬀects on ﬁtness and body composition (Roberts et al., 2002;
Pawlak et al., 2015). Also, FF ﬁre suppression training drills are similar
to CT and focus on cardiovascular endurance and muscular strength
(Rhea et al., 2004). Nevertheless, exercise-induced improvements in
vascular health in FF have yet to be measured. Therefore, the purpose of
this study was to compare the eﬀects of a 4 week CT program on CV risk
factors between a group of volunteer FF and a group of Non-FF. Taking
into consideration that guidelines require career ﬁre departments
mandate health, wellness, and ﬁtness programs, career FF inherently
may be more ﬁt or healthy, so we chose a comparison group of Non-FF
instead of career FF. Volunteer FF are “everyday” people who sign up to
get ﬁre and rescue training, respond to any number of calls, and are
allowed to volunteer as much as they can or have time to, thus a better
comparison group to this would be Non-FF. Volunteer FF make up over
70% of the entire FF population, they respond to many ﬁre/rescue calls
every year and it needs to be examined how their health compares to
the general population. A comparison of career FF to volunteer FF
would not be beneﬁcial. Due to the lack of wellness and ﬁtness regulations in volunteer ﬁre stations, the volunteer FF population has
worse health than career FF. The question that needs to be addressed is
how volunteer FF health compares to “everyday” people.

2. Methods
This was a quasi-experimental pre-post intervention with a comparison group of Non-FF matched by age. Criteria for inclusion were: no
more than one BP medication, no cholesterol medications, other medications were allowed, no prior cardiovascular incidents, no diagnosed
heart disease or diabetes, non-smoker, no physical limitation that
would preclude an exercise program, and > 70% adherence to the CT
intervention. Each participant gave informed consent and completed a
general health history form. The protocol was approved by the Ursinus
College Institutional Review Board, and all procedures were in accordance with the ethical standards of the Helsinki Declaration.
All enrolled participants completed pre-testing, underwent a 4 week
CT intervention, and then completed post-testing which was a repeat of
all baseline tests. The pre- and post- data collection included two visits
each, a fasted visit and a ﬁtness test. For the fasted visit, all participants
would report to the laboratory following an overnight fast. The visit
took place in a quiet, temperature controlled room. Participants were
asked to refrain from exercise for 24 h prior and from any food, drink,
medication, and caﬀeine for at least 10 h prior to the test. Participants
were also asked to remove any jewelry and other accessories prior to
the measurements.

2.1. Circuit training program
The 4 week CT program was completed 3 times per week. Each CT
workout involved 6 stations which were completed 3 times per
workout. Before the training period, all participants underwent an exercise familiarization session to ensure proper execution of technique.
The 6 stations included a 40 lb. carry for 100 ft., 3-min stair climb, 45 s
plank pose, 20 lb. carry with a fast walk for 100 ft., right and left single
leg stands for as long as balance was maintained, and a 15 lb. carry up
and down 30 stairs.

2.2. Blood pressure measurements
Brachial BP measurements were obtained in accordance with JNC-7
guidelines by laboratory personnel on multiple visits using an aneroid
sphygmomanometer (Medline Industries, Mundelein, IL) (Chobanian
et al., 2013). BP measurements were performed in triplicate with the
average of the three values used as the representative BP for that visit.
The mean systolic and diastolic BP across the clinical visits is reported
as the brachial BP.

2.3. Radial pulse wave analysis (PWA) measurements
Radial artery PWA measurements were collected after the participant had rested supine for 15 min. BP was measured immediately before measurement, and peripheral pulse waveforms were captured
using a hand-held tonometer probe (Millar/AtCor Medical pressure
tonometer, Houston, TX). The tonometer was applanated (applied to
ﬂatten the artery but not occlude it) at the radial artery with the wrist
supported and in an extended position. The shape of the peripheral
pulse wave was collected electronically with a laptop which was linked
to the SphygmoCor PW system (SphygmoCor CPV, software version 8.2,
AtCor Medical, Sydney, Australia). Data from quality pulse waveforms
were considered acceptable, and this was assessed by the software's
internal quality control index (operator index > 80%). The average of
3 measures is reported. PWA is reliable and provides measurement of
several main indices: central aortic systolic and diastolic BP, AIx adjusted to heart rate (HR) of 75 beats per minute, PP and subendocardial
viability ratio (SEVR) (Crilly et al., 2007). In our laboratory, we have
calculated the intraclass correlation coeﬃcient (ICC) for PWA measurements at > 0.97.
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et al., 1984).
Following the treadmill test, participants completed a stair climb
test, which is reported as a quality measure of overall ﬁtness in FF
(Calavalle et al., 2013). Participants were required to continuously
climb up and down a set of steps for 2 min, and the number of steps was
recorded. Generally, FF activities have been found to aﬀect balance
(Colburn et al., 2017), so to measure balance participants stood on one
leg at a time for as long as possible. The data collected from right and
left leg were combined and total time is reported. Next, until exhaustion, participants held a plank position and then a “wall-sit”. Test results from plank and wall sit times were combined, and this is reported
as muscular endurance in the results.
A Fitness Index was calculated for both pre- and post-ﬁtness test
data. This index was calculated as a means of assessing volunteer FF
ﬁtness. Studies in our lab have begun to investigate ways that volunteer
FF can be engaged in their ﬁtness. A simple ﬁtness index calculation
may provide ﬁre stations a simple way to assess individual FF ﬁtness. It
may also provide a way for each volunteer FF to be motivated, if they
see this number improving with implementation of a ﬁtness program.
The patient's prior exercise value, reported during initial intake, was
combined with the ﬁtness testing stair-climb and balance test results.
The sum of these three numbers made up 1/3 of the ﬁtness index.
Cardiovascular endurance (VO2max) and muscular endurance made up
the other 2/3 of the ﬁtness index. The value of a lifestyle or ﬁtness
index was seen in the recent Multisite Cardiac Lifestyle Intervention
Program study (Dod et al., 2010).

2.4. Vascular ultrasound measurements
The same operator completed all ultrasounds. Fasted brachial artery
diameter measurements using FMD were collected while participant
was supine, after 15 min of acclimation to obtain a hemodynamic
steady state. HR was continuously monitored using a 3‑lead ECG, and
BP measurements were taken in the left arm to conﬁrm a steady state. A
5 × 84-cm automatic cuﬀ (E-20 rapid cuﬀ inﬂator; D.E. Hokanson
Bellevue, WA) was placed around the right forearm distal to the olecranon process following established FMD guidelines (Corretti et al.,
2002). Image collection, transducer placement, and detailed methods
were completed as previously described (Feairheller et al., 2014). FMD
videos were recorded using the GE Logiq E ultrasound system (Model
BT12, GE Medical Systems, Chicago, IL) and downloaded to separate
computer using Movavi Video Editor (Movavi, St Louis, MO). Arterial
diameters were analyzed using edge detection software, Brachial Analyzer for Research (Medical Imaging Applications, Coralville, IA). The
highest 10 s interval throughout the 2 min collection period represented
the true peak hyperemic diameter. FMD reported is the percent increase
in diameter from baseline. The ICC for baseline diameter, peak diameter, and FMD are 0.94, 0.94, and 0.73 respectively. Intra-observer
reliability for the image analysis using the analysis software has been
established at 99.2%.
On the same day as FMD measurements, carotid artery IMT images
were recorded and automatically calculated as previously described
(Feairheller et al., 2014). Images were obtained and measurements
made using the GE Logiq E ultrasound system and automated calculation software (Auto-IMT Software Option, GE Medical Systems, Chicago, IL). Three measures of the posterior wall of the right and left
common carotid arteries were collected, as per established guidelines
(Roman et al., 2006), and the average of all readings is reported. In our
laboratory, we have calculated the ICC for IMT measurements
at > 0.90, with interobserver variability < 0.04 mm and intraobserver
variability < 0.02 mm.

2.8. Statistical analyses
Data are expressed as mean ± the standard deviation. All data
were tested for distribution with the Shapiro-Wilk test of normality.
Nonparametric tests were used when appropriate. Pre- and post- exercise values were compared using the paired samples t-test or the
paired samples Wilcoxon signed-rank test, as appropriate. Independent
t-tests were used to compare diﬀerences between volunteer FF and NonFF groups. Repeated measures ANOVA were used to evaluate time by
group interactions, and within-group Tukey's post hoc analysis was
performed. Bivariate Pearson's correlation analysis was completed to
determine if there were relationships between the variables and was
further examined by linear regression analysis. Alpha level of P < 0.05
was required for statistical signiﬁcance. All statistical analyses were
performed using SPSS version 19.0 (SPSS Inc., Chicago, IL, USA).

2.5. Plasma glucose & cholesterol measurements
Fasted plasma glucose and cholesterol levels were obtained using
the Alere Cholestech LDX® lipid proﬁle system (San Diego, CA). Blood
was obtained by ﬁnger stick using a 35 μl lithium heparin-coated capillary tube, and tested immediately. Alere Cholestech lipid proﬁle
values are correlated (r > 0.95) with venous plasma measured in
clinical diagnostic laboratories, which meets the cholesterol criteria
(Expert Panel, 2001).

3. Results

2.6. Body composition measurements

A total of 73 participants were assessed for eligibility, 62 were assigned to groups, and data from 52 adults, 25 Non-FF and 27 FF, was
used for the analysis (Fig. 1). In our study, the number of female volunteer FF was low, which is similar to the consistent gender ratio in the
overall FF population. According to the NFPA's recent statistics, the
annual average number of female FF is very low, around 5%. While the
percentage of female adults in the United States is around 50%. We
have kept our groups with similar diﬀerences, the Non-FF group has a
higher percentage of females compared to the FF group, which has a
lower percentage. This keeps the study group comparison numbers similar to what the overall population comparison would be. Adherence
to the exercise program was 95.8% overall, similar between both
groups. Baseline (pre-exercise) and ﬁnal (post-exercise) health data is
presented in Table 1. No diﬀerences exist at baseline, but volunteer FF
had improvements in body composition and lipid levels with exercise.
Vascular health changes are reported in Fig. 2. Volunteer FF had
higher PP compared to Non-FF. We found signiﬁcant improvements in
FMD, IMT, and PP. FMD increased 2.2% in volunteer FF and 1.3% in
Non-FF, common carotid IMT decreased 4.0% in volunteer FF and 1.7%
in Non-FF, while PP decreased 4.1% in volunteer FF. There was a positive relationship between IMT and LDL levels in the FF group only

Body composition was measured by whole-body Bioelectrical
Impedance Analysis (BIA) (ImpediMed DF50, San Diego, CA). Height
and weight were measured using a calibrated electronic scale without
shoes. BIA was measured in accordance with the manufacturer's instructions at 50 kHz on the right side of the body, two electrodes placed
on the dorsal right hand and foot while the participants were lying in a
supine position. Three measurements were taken, and the mean values
of impedance, phase, resistance, and reactance were used for calculations.
2.7. Fitness testing
Separately, participants reported to the laboratory to complete ﬁtness testing. A maximal symptom-limited treadmill stress test was
performed with continuous ECG monitoring (Nasiﬀ CardioCard, Nasiﬀ
Associates Inc., New York, NY). BP and perceived exertion were assessed at each stage, and HR was recorded each minute. The treadmill
test was terminated according to guidelines, and VO2max was calculated
using the Bruce protocol test time formula (Fletcher et al., 2013; Foster
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Fig. 1. Study ﬂow diagram.

compared vascular health responses to exercise between volunteer FF
and Non-FF, and the results compare well with studies of 3–6 times
longer. The primary novel ﬁndings of the present study are that 4 weeks
of CT improved vascular health measures FMD, IMT, and PP in a group
of volunteer FF. The current study also found that 4 weeks of CT similarly reduced brachial and central BP levels in both groups.
Endothelial function is known to predict clinical events, and endothelial function testing with FMD is associated with the progression
of IMT seen in subclinical atherosclerosis (Halcox et al., 2009). Between
clinical research studies, change diﬀerences in arterial stiﬀness or
vascular function may be due to several factors, including training
programs and exercise volume. The majority of research on exercise
eﬀects on endothelial function focus on the improvements seen with
aerobic training; however, there is some evidence that FMD may also
improve with resistance or combination training (Beck et al., 2013;
Collier et al., 2008).
It is established that atherosclerotic disease develops slowly, is related to cholesterol and BP levels, and can be imaged prior to the development of clinically apparent disease. At baseline, FMD and IMT
were lower and all BP measures were higher in volunteer FF, suggesting

(r = 0.455, p < 0.05).
BP improvements with training are shown in Fig. 3. At baseline,
volunteer FF had signiﬁcantly higher systolic BP compared to Non-FF.
With CT training, we found signiﬁcant improvements in brachial and
central BP for both groups. Systolic BP (brachial) decreased 5.0% in
volunteer FF and 2.7% in Non-FF, while diastolic BP (brachial) decreased 4.2% in volunteer FF and 3.2% in Non-FF. Central BP improvements were similar; systolic BP (central) decreased 3.4% in volunteer FF and 3.3% in Non-FF, diastolic BP (central) decreased 2.8% in
volunteer FF and 4.8% in Non-FF. Overall, CT exercise reduced clinical
BP to normotensive levels in 19 and to pre-hypertensive range in 16
participants.
Table 2 shows baseline (pre-exercise) ﬁtness levels. Volunteer FF
had higher muscular endurance and overall ﬁtness compared to NonFF. The percent improvements in ﬁtness are shown in Fig. 4. All ﬁtness
measures improved signiﬁcantly with no between group interactions.

4. Discussion
To the best of our knowledge, this was the ﬁrst CT intervention that
Table 1
Physiological changes with exercise training.
Variable

Age, years
Male/female
Body mass, kg
BMI, kg/m2
Body FAT, %
Total cholesterol, mg/dl
Triglycerides, mg/dl
HDL-C, mg/dl
LDL-C, mg/dl
Glucose, mg/dl

Non-ﬁreﬁghters (N = 25)

Fireﬁghters (N = 27)

Baseline

Final

Baseline

Final

34.4 ± 15.2
18/7
81.81 ± 20.5
28.8 ± 6.8
27.9 ± 12.2
166.6 ± 33.3
94.0 ± 60.2
45.4 ± 13.1
105.3 ± 31.5
88.5 ± 9.1

–
–
81.63 ± 20.1
28.7 ± 6.6
27.4 ± 12.0
163.7 ± 32.5
105.3 ± 73.4
47.5 ± 12.8
97.6 ± 24.9
90.1 ± 8.9

36.2 ± 13.7
24/3
91.54 ± 17.2
30.9 ± 5.3
33.5 ± 6.7
156.1 ± 29.1
118.2 ± 59.0
39.0 ± 11.8
96.3 ± 28.8
90.9 ± 10.1

–
–
91.4 ± 17.6
30.8 ± 5.4
32.1 ± 7.4⁎
150.3 ± 27.4⁎
97.3 ± 55.4⁎
40.3 ± 11.2β
93.0 ± 27.8
90.1 ± 6.9

Data are presented as mean ± SD. Signiﬁcance set at p < 0.05. BMI, body mass index; HDL, high density lipoprotein; LDL, low density lipoprotein.
⁎
p < 0.05 with training.
β
p < 0.05 between groups.
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Fig. 2. Vascular health changes with exercise in non-ﬁreﬁghter (Non-FF) and FF. Values reported are means, pre-test (ﬁlled bars) and post-test (open bars). A. Flow Mediated Dilation
(FMD) B. Carotid artery Intima Media Thickness (IMT) C. Pulse Pressure (PP) D. Augmentation Index (AIx). *Signiﬁcant p < 0.05, with training. ψSigniﬁcant p < 0.05, between groups.

altered endothelial function and augmented vascular resistance.
Previously we found that 6 months of aerobic exercise training improved FMD and reduced inﬂammation (Babbitt et al., 2013). In clinical
exercise studies, 8 or 10 weeks of exercise improved FMD (Okamoto
et al., 2011; Luk et al., 2011). In each of these studies, FMD increased
around 2% with exercise. The volunteer FF in our study had similar
improvements. Due to diﬀerences in ultrasound technology and imaging protocols, it is diﬃcult to directly compare measured IMT values
among studies. The IMT measurements in our study were similar to
measures reported by Fahs et al., where the authors reported that FF
with increased BMI had higher BP and arterial stiﬀness (Fahs et al.,
2009). The volunteer FF in our study were larger than Non-FF. Increased carotid IMT is associated with cholesterol levels, studies have
reported that LDL cholesterol may be a predictor of IMT. Also, clinical
trials have found that statin therapy reduces subclinical atherosclerosis,
as measured by IMT (Bots et al., 2016). We found a direct relationship
between IMT and LDL in our group of volunteer FF. All of this vascular
data suggests that the FF population may have unique cardiovascular

Table 2
Baseline ﬁtness measures.
Variable

Non-FF (N = 25)

FF (N = 27)

VO2max (ml/kg/min)
Balance, min
Muscular Endurance, min
Stair-Climbing test, # steps
Fitness Index

37.1 ± 9.0
1.93 ± 1.6
2.12 ± 1.1
297.7 ± 59.9
0.83 ± 0.2

35.7 ± 4.3
2.47 ± 1.9
3.68 ± 1.9β
319.3 ± 45.2
1.21 ± 0.4β

Data are presented as mean ± SD. Non-FF, Non-ﬁreﬁghter; FF, Fireﬁghter; VO2max, volume of oxygen; Balance, sum of right and left leg balance; Muscular Endurance, sum of
core strength measured plank pose and leg strength measured by wall sit; Stair-Climbing,
count of steps climbed in 2 min; Fitness Index, composite ﬁtness calculation (see
Methods).
β
p < 0.05 between groups.

proﬁles indicative of sub-clinical atherosclerosis.
Reduction of clinical BP levels into the prehypertensive or normotensive range remains the primary clinical goal for hypertension

Fig. 3. Blood pressure changes with exercise in non-ﬁreﬁghter (Non-FF) and FF. Values reported are means, pre-test (ﬁlled bars) and post-test (open bars). A. Brachial Systolic Blood
Pressure (SBP) B. Brachial Diastolic Blood Pressure (DBP) C. Central SBP D. Central DBP. *Signiﬁcant p < 0.05, within group with training. ψSigniﬁcant p < 0.05, between groups.
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Fig. 4. Percent improvements in ﬁtness markers with exercise in
non-ﬁreﬁghter (hashed bars) and ﬁreﬁghters (solid bars). Values
reported are percent changes with the circuit training program.
VO, Volume of Oxygen consumption max test; BL, Balance sum of
right and left leg balance test; EN, Muscular Endurance sum of
core strength/endurance measured by plank pose and leg
strength/endurance measured by wall sit; ST, Stair-Climb total
count of steps; FI, Fitness Index composite ﬁtness calculation (see
methods) training. Signiﬁcant within-group changes with
training for all.

Funding

therapy (Chobanian et al., 2013). Plus, exercise remains the recommended non-pharmacologic therapy for hypertension. We conﬁrm
this by reporting similar BP improvements as other studies with 4 weeks
of exercise (Collier et al., 2008). Brachial BP measurements alone do
not provide clinical information about overall systemic BP; therefore,
measurement of central BP has gained attention. In the present study,
the improvement in central pressures reported are in agreement with
others who found reductions in central BP after short-term RT in adults
(Heﬀernan et al., 2009; Taaﬀe et al., 2007) While mechanism was not
examined, it can be hypothesized that reduced central BP may be attributed to a reduced vascular resistance relating to the improved endothelial function (FMD) and structure (IMT).
We found improvements ﬁtness. Exercise studies in FF are limited
but some have reported improved ﬁtness and ﬁreground performance
(Roberts et al., 2002; Pawlak et al., 2015). Yet lack of physical activity
remains a problem in the ﬁre service, and volunteer ﬁre departments
are not required to have established ﬁtness programs. NFPA recommends that FF participate in exercise programs but has no requirements (NFPA 1583, 2008). Therefore, more studies in volunteer FF
are needed that report on CVD risk reduction with exercise.
This study has several limitations. First, the population for our study
group was from the Philadelphia suburban region. This may not be
generalizable to all volunteer FF, but this novel study provides valuable
clinical exercise research ﬁndings. Secondly, to allow analysis of the
eﬀects of CT on vascular health, we chose to use a control group of
adults who were Non-FF that completed the same exercise intervention.
Recent commentaries have suggested that the sedentary control group
is unrealistic and can lead to misinterpretation that an inactive condition is healthy enough. This allows our data to direct future research
that investigates potential mechanisms for why FF have vascular health
improvements. Finally, the present study does not provide causations
for the improvements seen in the volunteer FF group. Future studies
should examine plasma levels of inﬂammatory or oxidative stress
markers. By the shear nature of what FF do, it can be assumed they may
have high inﬂammation levels which may be associated with the improvements seen in vascular health in the current study.
In conclusion, cardiovascular health may be worse in volunteer FF
compared to Non-FF, but with a short 4 week CT program, CVD risk was
reduced. The public health and ﬁnancial burden on communities with
volunteer ﬁre departments continues to increase; the number of volunteer FF per population is decreasing and costs of maintaining an
active ﬁre company are increasing (Haynes and Stein, 2017). Therefore,
exercise interventions aimed at improving health and well-being of FF
will prove valuable because cardiac-related LODD could potentially be
avoided.
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